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PLASMA ETCHING METHOD USING 
POLYMER DEPOSITION AND METHOD OF 
FORMING CONTACT HOLE USING THE 

PLASMA ETCHING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of fabricating 

semiconductor devices, and more particularly, to a plasma 
etching method using selective polymer deposition and a 
method of forming a contact hole using the plasma etching 
method. 

2. Description of the Related Art 
As the integration density increases, fabrication of semi 

conductor devices becomes complicated and individual 
semiconductor devices formed on a substrate have become 
?ner patterns. Photolithographic processing necessarily 
requires the development of a neW photoresist suitable for 
forming ?ner patterns. 

Generally, the integration of semiconductor devices 
requires a reduction in the line Width of a via hole formed in 
order to connect conductive material layers having an inter 
layer dielectric layer therebetWeen, or the Width of a contact 
hole formed to expose some region of a substrate. The Width 
of a via hole or a contact hole is determined by the line Width 
of a photoresist pattern. 
As stated above, With the increase of the integration 

density of semiconductor devices, it becomes difficult to 
form a contact hole or via hole using a conventional pho 
tolithograhgic process, because the contact hole to be 
formed becomes smaller than the resolution limit of the 
optical system, and also because formation of a photoresist 
pattern having a desired pro?le becomes dif?cult. 
A method using an exposure beam having a short Wave 

length to improve the resolution upon the formation of a 
photoresist pattern is Well knoWn as a method for forming a 
?ne pattern. 

For example, there is proposed a method using a KrF 
excimer laser With a 248 pm Wavelength instead of an 
existing i-line laser With a 365 pm Wavelength as a light 
source for exposure to fabricate a 256 M-bit dynamic 
random access memory (DRAM) With a 0.25 pm design 
rule. 

Also, a beam having a shorter Wavelength than the KrF 
excimer laser must be used to fabricate a 1 G-bit DRAM 
under a 0.2 pm design rule using a high-level ?ne patterning 
technique. In order to achieve this object, an ArF excimer 
laser having a 193 nm Wavelength is used as a light source 
for exposure. 

HoWever, deep UV rays having a very short Wavelength 
for this ultra-?ne pattern processing, or KrF or ArF excimer 
laser light is highly absorbed by a photoresist ?lm upon 
exposure. Hence, if a thick photoresist ?lm is formed, light 
cannot reach the bottom of the photoresist ?lm. 

Accordingly, if ArF excimer laser having a short Wave 
length of 300 nm (=0.3 pm) is used as a light source for 
exposure to achieve high resolution patterning, a photoresist 
must be formed to have a thickness of 3000 A (=0.3 pm) or 
less, considering the beam absorption. 

HoWever, such a thin photoresist pattern is not resistant to 
etching When a silicon oxide ?lm beloW the photoresist 
pattern is etched. That is, the silicon oxide ?lm beloW the 
photoresist pattern has a loW selectivity With respect to the 
photoresist pattern. Thus, the thin photoresist pattern has a 
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2 
limit in acting as an etch mask, Which restricts the depth of 
the silicon oxide ?lm to be etched. 

FIGS. 1A through 1C are cross-sectional vieWs to explain 
a failure due to an insuf?cient selectivity With respect to a 
photoresist pattern When a contact hole is formed by etching 
a dielectric ?lm using a conventional ArF photolithographic 
process. 

Referring to FIG. 1A, a silicon oxide ?lm 11 is formed as 
an interlayer dielectric layer on a semiconductor substrate 
10. A photoresist pattern 13 is formed thin in order to 
maximiZe the resolution upon formation of a ?ne contact 
hole. In this case, the photoresist pattern 13 Which is used as 
a mask is not thick enough to suf?ciently etch the silicon 
oxide ?lm 11 to a required depth, When forming deep contact 
holes. 
As shoWn in FIG. 1B, the thickness of the photoresist 

pattern 13 is also reduced to form a photoresist pattern 13‘, 
When the silicon oxide ?lm 11 is etched under the conven 
tional silicon oxide ?lm anisotropic etching conditions. 

Referring to FIG. 1C, When etching is continued in this 
state to obtain a desired contact depth, part of the photoresist 
on the periphery of the upper portion of a contact hole is 
etched, such that the photoresist 13 can no longer suf?ciently 
acts as an etch mask. Thus, the pro?le of the contact hole 
becomes inferior. 
When a self-aligned contact hole is formed, an interlayer 

dielectric layer on a gate pattern is etched. And a capping 
layer, typically formed of silicon nitride, covers a gate 
electrode acting as a mask for preventing the gate electrode 
from being exposed during etching of the interlayer dielec 
tric layer. When a deep contact hole is formed using ArF 
photolithography to obtain high resolution, a very high etch 
selectivity betWeen a silicon oxide ?lm SiO2 used as an 
interlayer dielectric layer and a silicon nitride ?lm Si3N4 
used as a capping layer is required. 

HoWever, the current etch selectivity has a limit, such that 
a structural method such as increasing the thickness of the 
capping layer or forming a thin gate electrode must be used 
to prevent the gate electrode from being exposed When a 
deep contact hole is formed. 

FIGS. 2A and 2B are cross-sectional vieWs for illustrating 
a failure due to an insufficient etch selectivity of an inter 
layer dielectric layer With respect to a capping layer When a 
conventional self-aligned contact hole is formed. 

Referring to FIG. 2A, a gate dielectric layer 25 is formed 
on a semiconductor substrate 20. Then, a gate pattern is 
formed on the gate dielectric layer 25. The gate pattern 
consists of a gate electrode G and a capping layer 29 formed 
of silicon nitride Si3N4 on the gate electrode G. Next, a 
silicon nitride Si3N4 ?lm is formed on the semiconductor 
substrate 20 on Which the gate pattern has been formed, and 
is then anisotropically etched, thereby forming capping 
spacers 27. A silicon oxide ?lm SiO2 21 is formed as an 
interlayer dielectric ?lm on the the substrate including the 
capping layer 29 and the capping spacers 27. A photoresist 
pattern 23 having a predetermined thickness is formed on 
the silicon oxide ?lm 21. 

Referring to FIG. 2B, the capping layer 29 and the 
capping spacers 27 are partially etched due to the limit of an 
etch selectivity of the silicon oxide ?lm 21 With respect to 
the silicon nitride ?lm When the silicon oxide ?lm is etched 
to form a self-aligned contact hole, so that the gate electrode 
G is exposed. This exposure of the gate electrode G causes 
contact plug charged in a contact hole, and short-circuit the 
gate electrode G. 
A step of simultaneously forming contact holes having 

different depths is included in a process for manufacturing 
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semiconductor devices. FIG. 3 is a cross-sectional vieW 
illustrating Where the pro?le of a contact hole becomes 
undesirable Where contact holes having different depths are 
formed simultaneously. 

Referring to FIG. 3, a silicon oxide layer 31, Which is an 
interlayer dielectric layer having a conductive layer pattern 
35 formed at a predetermined height therein, is formed on a 
semiconductor substrate 30. A photoresist pattern 33 is 
formed to de?ne contact holes 37 and 39 Which expose the 
conductive layer pattern 35 and the semiconductor substrate 
30, respectively. Next, the contact holes 37 and 39 are 
formed by etching the silicon oxide layer 31. At this time, as 
shoWn in FIG. 3, the photoresist pattern 33 is consumed 
together With the silicon oxide layer 31, such that the pro?le 
of each of the contact holes 37 and 39 becomes inferior. 
Simultaneously, the conductive layer pattern 35 fails to act 
as an etch stop layer by continuous etching performed to 
form the contact hole 39, Which is deeper than the contact 
hole 37. Thus, the conductive layer pattern 35 may be 
penetrated. In this case, a problem such as an increase in 
contact resistance can occur. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a plasma 
etching method by Which a high resolution and an excellent 
etch pro?le can be obtained by alloWing a thin photoresist 
pattern to be used as an etch mask. 

Another object of the present invention is to provide a 
method of forming a contact hole having a good pro?le 
using the plasma etching method. 

Still another object of the present invention is to provide 
a method of forming a self-aligned contact hole having a 
good pro?le using the plasma etching method. 

To achieve the ?rst object, a plasma etching method 
according to the present invention uses a method of rein 
forcing an etch mask by selectively depositing polymer on 
only a photoresist pattern, Which is an etch mask. That is, a 
dielectric ?lm is plasma etched for a predetermined period 
of time using the photoresist pattern as an etch mask. 
Polymer is selectively deposited on only the photoresist 
pattern that is thinned by the plasma etching, thereby form 
ing a polymer layer. FolloWing this, the dielectric ?lm is 
plasma etched using the photoresist pattern and the polymer 
layer as a mask. Thus, dielectric ?lm etching providing high 
resolution can be performed using the thinned photoresist 
pattern as a mask. 

The dielectric ?lm can be etched to a desired depth by 
repeating the polymer deposition process and the plasma 
etching process one or more times. 

To be more speci?c, the polymer can be deposited Without 
a bias poWer supply for accelerating plasma generated by a 
source poWer supply, or With the application of poWer from 
a bias poWer supply Within a range Where polymer deposi 
tion is more predominant than plasma etching. Therefore, 
polymer is thickly formed on only the photoresist pattern 
around the upper portion of a hole other than on the bottom 
surface of the hole formed by etching of the dielectric ?lm. 
Accordingly, the polymer layer is used as an etch mask 
during plasma etching. 

Here, CxFy-series or CaHbFC-series gas is used as an etch 
gas for plasma etching and polymer deposition. The etch gas 
further includes an inert gas to alloW plasma to be stably 
produced and polymer to be stably and uniformly deposited 
on the substrate. 

During the polymer deposition, the thickness of a polymer 
layer on the photoresist pattern, and the thickness of a 
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4 
polymer layer on the bottom surface of a hole formed by 
etching the dielectric ?lm, can be appropriately controlled 
by changing process conditions such as the temperature of a 
substrate, the internal pressure of a reactor, and the average 
poWer of a source poWer supply depending on the applica 
tion. 

Also, in order to remove a polymer layer from the 
sideWalls of a hole formed by etching of the dielectric ?lm, 
a gas capable of etching polymer, for example, oxygen, 
nitrogen, carbon monoxide or carbon dioxide, is further 
supplied during plasma etching after the polymer deposition. 
Thus, the diameter of the bottom surface of the hole can be 
prevented from diminishing as a result of processing. 

The plasma etching method described above can be 
applied to form a contact hole having a high aspect ratio. 
That is, a contact hole forming method using selective 
polymer deposition according to the present invention is a 
method of forming a contact hole by plasma etching a 
dielectric ?lm using a photoresist pattern-Which exposes a 
predetermined region of the dielectric ?lm-as a mask. In this 
method, the dielectric ?lm is etched to a predetermined 
depth by setting the average poWer of a bias poWer supply, 
Which is applied to accelerate plasma, to a high level Within 
a range Where plasma etching is more predominant than 
polymer deposition. Then, a polymer layer is selectively 
formed on the photoresist pattern by setting the average 
poWer of a bias poWer supply to a loW level Within a range 
Where polymer deposition is more predominant than plasma 
etching. Thereafter, the dielectric ?lm is plasma etched by 
re-setting the average poWer of the bias poWer supply to the 
high level. 

Here, a deeper contact hole having an excellent pro?le can 
be formed by repeating one or more times the step of 
selectively forming a polymer layer on the photoresist 
pattern and the subsequent plasma etching step. 

In particular, in order to form a contact hole having a high 
aspect ratio, it is preferable that process conditions, for 
example, the temperature of a substrate, the internal pressure 
of a reactor, and the average poWer of a source poWer supply, 
are controlled to make the thickness of a polymer layer, 
formed upon the polymer deposition, on a photoresist pat 
tern suf?ciently greater than the thickness of a polymer layer 
on the bottom surface of a hole formed by etching a 
dielectric ?lm, thereby to increase the difference betWeen the 
tWo thicknesses. 

The plasma etching method described above can be 
applied to form a self-aligned contact hole. That is, a 
self-aligned contact hole forming method using selective 
polymer deposition according to the present invention is a 
method of forming a dielectric ?lm on a substrate on Which 
a predetermined conductive layer pattern and a capping 
portion for covering the conductive layer pattern are formed, 
and plasma etching the dielectric ?lm, thereby forming a 
self-aligned contact hole While exposing a part of the 
capping portion. In this method, primary plasma etching is 
performed on the dielectric ?lm using the photoresist pattern 
as a mask to expose a part of the capping portion. Then, 
polymer is selectively deposited on the photoresist pattern 
and on the exposed capping portion to form a polymer layer. 
Next, secondary plasma etching is performed on the dielec 
tric ?lm using the photoresist pattern, the capping portion 
and the polymer layer on the photoresist pattern and on the 
capping portion as a mask. In this Way, a self-aligned contact 
hole having an excellent pro?le, Which does not expose the 
conductive layer pattern, is formed. 

Here, upon the ?rst plasma etching, similar to the afore 
mentioned plasma etching method and the aforementioned 
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contact hole forming method, polymer deposition and 
plasma etching can be repeated one or more times. Likewise, 
a deeper self-aligned contact hole can be formed by repeat 
ing one or more times the step of forming a polymer layer 
on the exposed capping portion and on the photoresist 
pattern and the secondary plasma etching step. 

The polymer deposition can be achieved by setting the 
bias poWer supply that is applied to a substrate to a loW level, 
similar to the plasma etching method and contact hole 
forming method described above. 

Also, it is preferable that the remaining process 
conditions, for example, the temperature of a substrate, the 
internal pressure of a reactor, and the average poWer of a 
source poWer supply, be controlled to reduce the difference 
betWeen the thickness of a polymer layer on a photoresist 
pattern and the thickness of a polymer layer on the bottom 
surface of a contact hole, so that a polymer layer can be 
formed on a capping portion to have an appropriate thick 
ness. These process conditions are also effective When 
contact holes having different depths are formed simulta 
neously. 

Therefore, a narroW and deep contact hole providing high 
resolution and an excellent pro?le, Which are required by 
highly-integrated semiconductor devices, can be easily 
formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objectives and advantages of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

FIGS. 1A through 1C are cross-sectional vieWs for illus 
trating a procedure of forming a contact hole having a high 
aspect ratio using a conventional dielectric ?lm etching 
method; 

FIGS. 2A through 2B are cross-sectional vieWs for illus 
trating a procedure of forming a self-aligned contact hole 
using the conventional dielectric ?lm etching method; 

FIG. 3 is a cross-sectional vieW for illustrating a proce 
dure of simultaneously forming contact holes having differ 
ent depths using the conventional dielectric ?lm etching 
method; 

FIG. 4 is a schematic vieW of a plasma reactor used in 
plasma etching according to the present invention; 

FIG. 5 is a cross-sectional vieW of a hole that is in an 
etching process, to explain a plasma etching method accord 
ing to the present invention; 

FIGS. 6 through 8 are graphs shoWing the thickness of a 
polymer layer on a photoresist pattern and the thickness of 
a polymer layer on the bottom surface of a hole, according 
to variations in the aspect ratio of the hole, the temperature 
of a substrate, and the internal pressure of a reactor, 
respectively, in a plasma etching method according to the 
present invention; 

FIGS. 9 through 12 are graphs shoWing the thickness of 
a polymer layer, the ratio of the thickness of a polymer layer 
on a photoresist pattern to the thickness of a polymer layer 
on the bottom surface of a hole, an etch selectivity of a 
silicon oxide ?lm With respect to an etch mask, and an etch 
selectivity of a silicon oxide ?lm With respect to polycrystal 
silicon, according to variations in the average poWer of a 
source poWer supply, respectively, in a plasma etching 
method according to the present invention; 

FIGS. 13 through 18 are cross-sectional vieWs illustrating 
a process for forming a contact hole having a high aspect 
ratio, according to an embodiment of the present invention; 
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FIG. 19 is a graph shoWing the diameter of the bottom 

surface of a contact hole according to variations in the How 
rate of oxygen gas Which is added upon plasma etching in a 
contact hole forming method according to an embodiment of 
the present invention; 

FIG. 20 is a graph shoWing the diameter of the bottom 
surface of a contact hole according to variations in the ratio 
of polymer deposition to plasma etching in a contact hole 
forming method according to an embodiment of the present 
invention; and 

FIGS. 21 through 28 are cross-sectional vieWs for illus 
trating a self-aligned contact hole forming method according 
to another embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A plasma etching method using selective polymer depo 
sition according to the present invention, and embodiments 
of a contact hole forming method using the plasma etching 
method, Will noW be described With reference to the attached 
draWings. First, the plasma etching method using selective 
polymer deposition according to the present invention Will 
be described With reference to FIG. 4. 

FIG. 4 is a schematic vieW of a typical plasma reactor 
used in plasma etching according to the present invention. 
Referring to FIG. 4, a plasma reactor 101 includes a Wafer 
support 105 on Which a Wafer W to be etched is placed. The 
Wafer support 105 includes a heater or cooling means (not 
shoWn) for controlling the temperature of a substrate. The 
plasma reactor 101 also includes a gas inlet 109 for supply 
ing a plasma gas or an etch gas, an outlet 111 for exhausting 
gas, and a pump 113 for controlling the internal pressure of 
the reactor 101. Asource poWer supply 103 for supplying RF 
poWer for generating plasma is connected to the plasma 
reactor 101 from above, and a bias poWer supply 107 for 
supplying bias RF poWer to the Wafer W is connected to the 
Wafer support 105. 
When plasma etching is performed using the plasma 

reactor shoWn in FIG. 4, in the prior art, a predetermined 
level of source poWer supply 103 and a predetermined level 
of bias poWer supply 107 are continuously applied for a 
predetermined period of time, and plasma is thus generated 
by the source poWer supply and accelerated by the bias 
poWer supply, thereby etching a dielectric layer on the Wafer 
W. In order to solve the above-described problems of the 
prior art, in the present invention, polymer is selectively 
deposited on only the upper surface of a photoresist pattern 
during plasma etching of a dielectric layer, and thus an 
excellent etch pro?le can be obtained using the deposited 
polymer layer and the photoresist pattern as an etch mask. 

In other Words, as shoWn in FIG. 5, a dielectric layer 120, 
for example, a silicon oxide ?lm formed by chemical vapor 
deposition, is plasma etched to a predetermined depth using 
a photoresist pattern 130 as an etch mask. Next, a polymer 
layer 140 is formed by depositing polymer on only the upper 
surface of the photoresist pattern 130, before the photoresist 
pattern 130 is consumed and thus no longer acts as an etch 
mask. FolloWing this, the dielectric layer 120 is plasma 
etched again using the photoresist pattern 130 and the 
polymer layer 140 as an etch mask, thereby obtaining a 
desired etch depth. Here, the polymer deposition and the 
plasma etching are repeated one or more times, so that the 
polymer layer 140, Which is consumed during etching, is 
supplemented. Consequently, the dielectric layer 120 can be 
etched deeper. 

To be more speci?c, the polymer layer 140 can be formed 
Without applying poWer from the bias poWer supply 107 or 
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by applying a loW level of power from the bias power supply 
107 Within a range Where polymer deposition is more 
predominant than accelerated plasma etching of the dielec 
tric ?lm 120. Accordingly, as shoWn in FIG. 5, the polymer 
layer 140 is selectively formed on only the upper surface of 
the photoresist pattern 130. At this time, polymer is also 
deposited on the sideWalls and bottom surface of a hole 122 
formed by etching the dielectric layer 120, but the thick 
nesses Ts and Tb are thin enough to be disregarded, com 
pared to the thickness Tt of a polymer layer 140 deposited 
on the upper surface of the photoresist pattern 130. 

FIG. 6 is a graph shoWing the thickness (Tt) of a polymer 
layer 140 on the photoresist pattern 130 and the thickness 
(Tb) of a polymer layer 140 on the bottom surface of the hole 
122 according to a variation in the aspect ratio of the hole 
122 formed by the etching of the dielectric layer 120. Here, 
the average source poWer is 2900W; the average bias poWer 
is 200W (the average bias poWer of a bias poWer supply 
applied to a plasma reactor upon plasma etching is about 
1000 to 2000W); the temperature of the substrate is 0° C.; 
the internal pressure of the reactor is 30 mTorr; C4F8 and Ar 
are used; the How rate of the gas C4F8 is 30 sccm; the How 
rate of Ar is 800 sccm; and the reacting time is 40 seconds. 

Referring to FIG. 6, as the aspect ratio of the hole 122 
increases, that is, as the depth of the hole 122 increases, the 
thickness of a polymer layer on the bottom surface of 
the hole 122 sharply decrease. This indicates that the thick 
ness of a polymer layer on the bottom surface of the 
hole 122 is small enough to be disregarded, compared to the 
thickness (Tt) of a polymer layer 140 deposited on the upper 
surface of the photoresist pattern 130. Consequently, it can 
be seen that polymer is selectively deposited on only the 
upper surface of the photoresist pattern 130. 

The thickness (Tt) of the polymer layer 140 on the 
photoresist pattern 130, and the thickness of the poly 
mer layer on the bottom surface of the hole 122, have 
different distributions according to several process condi 
tions. This Will noW be described in detail. 

FIG. 7 is a graph shoWing the thickness (Tt) of the 
polymer layer 140 on the photoresist pattern 130 and the 
thickness of the polymer layer on the bottom surface of 
the hole 122 according to a variation in the temperature of 
a substrate. Here, the conditions of an experiment are the 
same as those of FIG. 6 except for the substrate temperature 
Which varies betWeen —20° C. and 60° C. 

It is shoWn in FIG. 7 that the thickness (Tt) of the polymer 
layer 140 formed on the photoresist pattern 130 sharply 
decreases as the substrate temperature increases, While the 
thickness of the polymer layer formed on the bottom 
surface of the hole 122 gradually increases as the substrate 
temperature increases. 

FIG. 8 is a graph shoWing the thickness (Tt) of the 
polymer layer 140 on the photoresist pattern 130 and the 
thickness of the polymer layer on the bottom surface of 
the hole 122 according to a variation in the internal pressure 
of the reactor 101. Here, the experimental conditions are the 
same as those of FIG. 6 except that the internal pressure of 
the reactor varies from 0 to 40 mTorr. 

It is shoWn in FIG. 8 that the thickness (Tt) of the polymer 
layer 140 on the photoresist pattern 130 increases as the 
internal pressure of the reactor 101 increases, While the 
thickness of the polymer layer formed on the bottom 
surface of the hole 122 decreases as the internal pressure of 
the reactor increases. 

FIG. 9 is a graph shoWing the thickness of a polymer layer 
according to a variation in the average poWer of the source 
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poWer supply 103. In contrast With the above-described 
experiments, this experiment refers to a case Where a poly 
mer layer is formed on a silicon substrate having no patterns 
formed thereon. Here, the conditions of this experiment are 
the same as those of FIG. 6 except that the average poWer 
of the source poWer supply 103 varies Within a range of 
1700W to 3300W. 

It is shoWn in FIG. 9 that the thickness of the polymer 
layer 140 increases as the average poWer of the source poWer 
supply 103 increases. 

FIG. 10 is a graph shoWing the ratio of the thickness of the polymer layer on the bottom surface of the hole 122 

to the thickness (Tt) of the polymer layer 140 on the 
photoresist pattern 130, according to variations in the aver 
age poWer of the source poWer supply 103 applied to the 
dielectric ?lm 120 having the hole 122 formed therein as in 
the experiments of FIGS. 6 through 8. Here, the conditions 
of this experiment are the same as those of FIG. 9. 

It is shoWn in FIG. 10 that the ratio of Tb/Tt decreases as 
the average poWer of the source poWer supply 103 increases. 
That is, as the average poWer of the source poWer supply 103 
increases, the thickness of the polymer layer on the 
bottom surface of the hole 122 decreases compared to the 
thickness (Tt) of the polymer layer 140 on the photoresist 
pattern 130, and the difference betWeen the thicknesses Tt 
and Tb increases. 

FIG. 11 is a graph shoWing an etch selectivity of the 
dielectric layer 120, that is, a silicon oxide ?lm, With respect 
to an etch mask, that is, the photoresist pattern 130 and the 
polymer layer 140, according to variations in the average 
poWer of the source poWer supply 103. 

It is shoWn in FIG. 11 that the etch selectivity rapidly 
increases as the average poWer of the source poWer supply 
103 increases. Considering that the etch selectivity of a 
silicon oxide ?lm With respect to photoresist upon typical 
plasma etching is about 4:1, it can be seen that an etching 
method according to the present invention can increase the 
etch selectivity to a desired level by selectively forming the 
polymer layer 140 on the thinned photoresist pattern 130. 

FIG. 12 is a graph shoWing an etch selectivity of the 
silicon oxide ?lm 31 With respect to the conductive layer 
pattern 35 Which is exposed by the shalloW contact hole 37 
as shoWn in FIG. 3 and formed of polycrystalline silicon, 
and the etch rate of the silicon oxide ?lm, according to 
variations in the average poWer of the source poWer supply 
103. 

Referring to FIG. 12, as the average poWer of the source 
poWer supply 103 decreases, the etch rate (Q) of the silicon 
oxide ?lm decreases While the etch rate (not shoWn) of 
polycrystalline silicon rapidly decreases. Consequently, it is 
shoWn that the etch selectivity (o) of the silicon oxide ?lm 
With respect to the polycrystal silicon increases. 
Accordingly, it is preferable to loWer the average poWer of 
the source poWer supply 103 among the polymer deposition 
conditions When the contact holes 37 and 39 having different 
depths, Which expose the conductive layer pattern 35 and the 
substrate 30, respectively, are formed simultaneously as 
shoWn in FIG. 3. 

Also, the thickness of the polymer layer 140 varies 
according to the types of etch gas used. Table 1 shoWs the 
deposition rate of the polymer layer 140 on the photoresist 
pattern 130 per time depending on the type of etch gas. 
















